The distribution of this activity in bacteria has now been investigated. Almost a hundred species, from eleven families, have been examined. Only nine species, all from the genera Proteus and Escherichia, could be shown to catalyze the racemization of lysine.
We have also examined the effect of Proteus vulgaris on alanine, glutamic acid and methionine. Only alanine was found to be racemized to an appreciable extent.
MATERIALS AND METHODS
Isomers (D and L) of glutamic acid, alanine, and methionine were optically standardized samples from Schwartz Laboratories, Inc. LLysine hydrochloride was a product of Chas. Pfizer and Co., Inc. L-Lysine decarboxylase (Bacterium cadaveris), iglutamic acid decarboxylase (E. coli) and D-amino acid oxidase (hog kidney) were obtained from Worthington Biochemical Corporation.
The screening procedure for lysine racemase activity was as follows. Cultures were grown in a medium consisting of (NH4)2HP04, 10 g; corn steep liquor, 20 g; beet molasses, 20 g; glycerol, 10 g; and MgSO4 7H20, 1 g; adjusted to pH 7.5 with NH40H and made up to 1 L with tap water. One hundred ml of medium in a 300 ml Erlenmeyer flask (sterilized at 20 psi for 30 min) was inoculated from a slant of the test culture, and incubated at 28 C on a rotary shaker moving at 230 cycles per minute. After 24 hr the broth was adjusted to pH 8.3 with 50 per cent KOH, and mixed with 0.4 g -lysine hydrochloride and 2.5 ml toluene. The mixture was shaken for 10 min and incubated stationary at 28 C for 16 to 20 hr. It was adjusted to pH 5.8 with H3PO4, held at 100 C for 3 min, and centrifuged. The supernatant was assayed for total lysine. slysine, and, if considered necessary later, for D-lysine. Racemization of added lysine during incubation was indicated by the presence of D-lysine in the supernatant.
Total lysine was assayed by quantitative paper chromatography in a methyl ethyl ketone:acetic acid:water (90:25:30 by volume) system as described by Lees, Lynch, and Meyer (unpublished data) . iLysine was determined microbiologically using Leuconostoc mesenteroides strain P-60. For the determination of D-lysine, 1 ml supernatant sample and 1.5 ml potassium phosphate buffer, 0.25 M, pH 5.8, containing 5 mg -lysine decarboxylase, were mixed in a 2.5 by 14.5 cm test tube and shaken gently at 28 C. A control tube was set up in which the sample was replaced by a 0.04 M solution of L-lysine in buffer. At hourly intervals, the reaction mixture was analyzed by qualitative paper chromatography to observe the disappearance of L-lysine and the appearance of cadaverine. A 13 by 20 cm sheet of Whatman no. 4 paper containing 5 I.L aliquots of samples was developed by a descending front of the solvent system listed above for about 30 min. The paper was dried in air and treated with ninhydrin in the usual manner. When all the lysine in the control tube had disappeared (1 to 2 hr), any residual lysine left in a sample tube was considered to be D-lysine, and was determined by quantitative paper chromatography.
Total alanine, glutamic acid and methionine was assayed by quantitative paper chromatography with the same procedure as that employed by total lysine. L-Glutamic acid was determined manometrically (Najjar, 1957) with bacterial i,glutamic acid decarboxylase of E. coli. DAlanine and D-methionine were determined manometrically with hog kidney D-amino acid oxidase (Krebs, 1935) . D-Glutamic acid, L-alanine, and L-methionine were estimated by quantitative paper chromatography of the reaction mixtures which were left after the manometric assays of the respective enantiomorphs had been com- Proteus morganii, failed to racemize lysine. It should be noted that this result could not be due to any error in the identity of a particular strain, since 3 strains of Proteus morganii (ATCC 8076A, 9237 , and 9916) were tested, and all 3 were found to be devoid of activity.
Racemization of other amino acids by P. vulgaris. Although the simplest explanation of the results obtained is that the bacteria listed in table 2 contain a specific lysine racemase, it is conceivable that the racemization observed may actually be due to coupling of transaminations of L-and D-lysine with the racemization of another amino acid. Thorne and his associates (1955a, b) * The amino acid was added to 100 ml P. vulgaris culture broth, adjusted to pH 8.3 with NH40H. The mixture was shaken with 2 ml toluiene for 10 min and incubated stationary at 28 C. Samples (20 ml) were taken at the time indicated, heated at 100 C for 3 min and centrifuged. The clear supernatant was used for amino acid assays.
viously (Huang, et al., 1958) Stewart and Halvorson (1953) for the alanine racemase activity of a series of bacteria in the vegetative state. Lysine racemase activity, however, does not seem to be as widely distributed as alanine racemase.
Although the concept of a specific lysine racemase provides the simplest explanation of our results, one cannot ignore the possibility that the conversion of L-to D-lysine and vice versa had occurred as shown through the reactions 1-3 (Thorne et al., 1955a, b) . L-Lysine + RCOC02H
.aI The data in table 3 indicate that neither glutamic acid nor alanine (nor methionine) can function as the amino acid in reaction (2). It is also clear that the amino group acceptor RCOCO2H in reactions (1) and (3) cannot be a-ketoglutarate or pyruvate. Furthermore, the data imply that no transamination could occur between glutamate or alanine with RCOCO2H; otherwise, glutamate or alanine would be rapidly racemized by the same series of reactions. In view of the widespread participation of glutamic acid and alanine in transamination reactions, this condition seems, to us, to be highly improbable. Therefore, we do not think a satisfactory alternative to the concept of a specific lysine racemase exists at the present time.
